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SRM 2372 was designed for use in the value assignment of human genomic DNA forensic quantitation materials. SRM 2372 consists of three human genomic DNA extracts in TE- buffer, each
originally certified to have spectrophotometric absorbance of 1 at 260 nm. However, by five years after production the absorbance in all materials had increased to the point that the certified values
were no longer valid. Investigation revealed that the absorbance increases resulted from the slow conversion of double-stranded DNA (dsDNA) to single-stranded (ssDNA). The conventional
conversion factor for dsDNA is 50 ng/uL per absorbance unit while that for ssDNA is 37 ng/uL. There was no evidence of any decrease In fragment size or change in behavior of the materials in
numerous gPCR assays. Since the materials remain fit for their designed use, the remaining SRM 2372 units have been recertified for the spectroscopic properties of SSDNA. Users interested In
the spectroscopic properties of these materials are instructed to force complete conversion to sSDNA with sodium hydroxide (NaOH). Users interested in using the materials to benchmark gPCR
assays should use the materials as supplied but note that use of the sSDNA measurement procedure resulted in the “Information values” for conventional mass concentration supplied in the SRM
2372 Certificate changing from =50 ng/uL to =60 ng/pL.

What is SRM 2372 Human DNA

Ouantitation Standard? Moving Forward with Digital PCR Digital PCR Instrumentation
| ' . . . « Digital PCR depends on partitioning PCR reactions which can be
Genomic DNA prepared to be double-stranded DNA (dsDNA) The next generation of SRM 2372 will be certified for “copy/target accomplished using either a microfluidic or droplet-based approach.

number”’ not UV absorbance.

Originally released in September 2007 Currently we have access to two digital PCR platforms:
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The conventional conversion factor for aqueous dsDNA is: targets without an external calibrant. The QX100 droplet generator partitions samples containing DNA
1 D, at 260 nm =150 ng/ul. DNA template into 20,000 nanoliter-sized droplets.
The purpose of SRM 2372 is to allow labs to prepare a NIST traceable calibrant With dPCR, a sample is partitioned so that individual nucleic After PCR in a standard thermal cycler (9700, Veriti, etc), the droplets
(standard curve) to be used in qPCR assays (Qfiler, Plexor, Quantiplex, etc) acid molecules within the sample are localized and from each sample are streamed in single file through the QX100
It is not necessarily to be used as a positive control (daily use). concentrated within many separate regions. The partitioning of droplet reader.
The SRM should be used to assign an accurate value to a lab’s internal the sample allows one to count the molecules by estimating The PCR-positive and PCR-negative droplets are counted to provide
standard DNA calibrant. according to Poisson distribution. As a result, each part will absolute quantification of target DNA in digital form.
_ . contain "0" or 2 "1" molecules, or a negative or positive The QX100 performs end point analysis (does not collect real-time PCR curves).
Why did SRM 2372 need to be recertified? reaction, respectively. After PCR amplification, nucleic acids
Six years after production the D,, absorbance of these may be quantified by counting the regions that contain PCR Fluidigm BioMark System
end-product, positive reactions. (microfluidic based)

dsDNA solutions had increased significantly, suggesting
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P 9 ( ) In conventional gPCR, starting copy number is proportlongl to .  Red = positive (PCR product present)
Component A Component B Component C the number of PCR amplification cycles. dPCR, however, is not f=  Gray = negative (no PCR product present)
Ha%increase 20% Increase 21%increase dependent on the number of amplification cycles to determine =

the initial sample amount, eliminating the reliance on uncertain
exponential data to quantify target nucleic acids and providing

absolute quantification.
(http://digital-pcr.gene-quantification.info/)
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Wavelength (), nm sample values (.e. calibrant free) chambers (volume of each chamber = 6 nL).
Green Traces 2006 low/high absorbance spectra Samples must be bracketed =~ Samples must be within a . . .
Black Traces 2012 low/high absorbance spectra by calibrant dilution curve range of concentrations Each chip contains 12 unique panels of 765 chambers.
Older technology New technology . .
The increase in absorbance was not due to degradation of the DNA but Widely accepted Gaining acceptance The instrument performs PCR thermal cycling and collects

rather unraveling or opening up of the DNA strands in the TE* buffer fluorescence signal after each cycle. 765 real-time PCR curves are
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The sample changes over time that impact UV absorbance do not Absolute Quantltatlon
appear to affect gPCR sample performance (<0.2 C,) dPCR Applications Using Poisson statistics an estimation of number of copies can be
| | L Absolute Quantification of Nucleic Acid Standards. determined. Volume is given by manufacturer (research indicates
However, since _SRM 23_72 IS certlflec_l for UV absorbance (D,,) and one Absolute Quantification of Viral Load. this estimate is reasonable)
application of this SR_’M Is for call_bratlon of UV spec_tropho_tometers (e.0. Absolute Quantification of Next-Gen Sequencing Libraries.
nanodrop) the material was restricted from sale until the discrepancy was Rare Allele Detection. 4 )
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material does not affect gPCR assays No calibration curves are needed to interpret the results. volume of all PER reactions (microliiers)
— Desired precision can be achieved by increasing total number of o J
ATl PCR replicates.
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QU <Otantinlox performed in 2007 while the number of copies present to allow for small fold change olume uncertainty
1 - the black circles represent differences to be detected. o001 Ulneesainty v, Nuser 6 PER Reasions
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BIA Three in house optimized assays: D6S474, D9S2157, D1451434 Number of PCR Reactions
1x TagMan Universal PCR Master Mix No AmpErase® UNG,

Traditional gPCR assays only quantify relative to a reference standard. Number of PCR reactions ~ n=100 n=1000 n=10k n=100k n=lm n=10m n=100m

. . o PCR primers 0.5 uM, 0.2 uM of FAM-MGB probe, total Binomial Unc 53.75% 16.67% 5.26% 1.66% 0.53% 0.17% 0.05%
Thus these assays cannot provide absolute concentrations for the individual reaction volume 20 Binomial Unc + 5% Vol Unc 58.75% 21.67% 10.27% 6.67% 5.53% 5.17% 5.06%
materials but they can provide the concentrations of components B and C '
relative to component A. The 3 components of SRM 2372 were characterized with each of the
SRM 2372 was recertified optimized dPCR assays (8 replicates for each). dPCR DNA Concentration Estimates
for single stranded absorbance Results of dPCR Measurements Comparison to Absorbance
The material was converted to an all SSDNA conformation. CN = Copy Numberassaw dsDNA Templates/pL 80 Absorbance @260 nm 2012 ssDNA
Measurements were made using a modification of ISO 21571 Annex _ < 70 Digital PCR 2013
B “Methods for the quantitation of the extracted DNA” omponen omponen omponen % ,
Combine equal volumes of the DNA extract and 0.4 mol/L NaOH - GV LU ] N WIS |G el 5 i [
Measure against a reference of equal volumes of TE* buffer and the DNA] D65474 19,100 800 19,600 600 16,000 800 e -
0.4 mol/L NaOH. DNA] D9S2157 21,100 1,700 20,500 800 10,400 800 2 - N
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o DNA] D14S1434 23,200 1,200 22,400 500 24,900 1,800 > 30 - -
Recertified Apparent Absorbance DNA] Quantifiler 18,500 1,300 18,600 200 19,200 1,100 IS 20 -
_
Component A Component B Component C ‘DNA] Average 20,500 1,000 20,300 700 17,600 3,000 = -
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0.777 (0.725 - 0.829) 0.821 (0.739 — 0.903) 0.804 (0.753 — 0.855) Quantifiler performs somewhat lower in the dPCR reactions, this could < .
| | be due the IPC interfering with overall PCR efficiency. A | B | c
_ SRM 2372 Component
Conventional concentration values are derived from the assertion that a DNA concentrationassay, ng/pL Conclusions
solution of ssDNA with an absorbance of 1 at 260 nm and a path length of _ o
1 cm has a DNA mass concentration of 37 pg/mL (37 ng/uL). _ The good agreement between the ng/uL values inferred from the digital
~y——— " - = mean u(mean) mean u(mean) mean u(mean) counts and the conventional ng/pL values inferred from UV absorbance
2012 DNA Mass Concentration — 50,3 co DNA] D6S474 57 9 5 3 53 g 17 481 54 mea}surements suggests that the dPCR .techr.lology can provide |
- - - _ _ unbiased counts. However, further studies will be required before this
2007 DNA Mass Concentration 52.4 53.6 54.3 DNA] D9S2157 63.2 0.0 61.6 2.9 31.2 2.3 technology can be used to help certify the "genomic copy humber" of a
Theoretical difference, % 9 9 12 % 9 9 DNA] D14S1434  69.7 3.7 67.2 1.4 4.7 5.5 human genomic material.
Theoretical difference. C 0.12 Cycle 0.16 cycle 0.12 Cycle :DNA: Quantiﬁler 0.6 3.9 5.9 0.5 of.1 3.3 Disclaimer Forensic DNA research conducted at NIST is supported by an interagency
P ' ' ' 'DNA] Average 61.4 3.0 60.9 29 529 9.0 agreement between the National Institute of Justice and the NIST Law Enforcement Standards
Given the variability among gPCR assays and the rather wide Office. Pct"tr;]ts Oﬁf."'?‘;v " t.T.'S dOC“”}.er.“ ari :EOSS gf tge a”:horstar}dcdo not ”eceg’s"’;”!y
tolerances of commercial STR multiplex assays, the approximately 10% Values vary based on components and assay/target; additional studies commercial equipment, nsiruments, and materials are identified in order to specily
(5 ng/uL) increase in this conventional concentration estimate will have are underway using different assays developed/optimized in-house. experimental procedures as completely as possible. In no case does such identification imply a

recommendation or endorsement by NIST, nor does it imply that any of the materials,

minimal practlcal Impact. instruments, or equipment identified are necessarily the best available for the purpose.


http://www.isfg.org/members/index.html
http://digital-pcr.gene-quantification.info/
http://digital-pcr.gene-quantification.info/
http://digital-pcr.gene-quantification.info/
http://digital-pcr.gene-quantification.info/
http://digital-pcr.gene-quantification.info/
http://digital-pcr.gene-quantification.info/
http://digital-pcr.gene-quantification.info/

